Abstract. Lymphatic and hematogenous spread are the most common ways for tumors to metastasize. Angiogenesis is essential for tumor growth and metastasis. Vascular endothelial growth factor (VEGF) particularly VEGF-A is important in the process of angiogenesis. The current research has indicated that thalidomide (THD) may be able to inhibit angiogenesis, stimulate the activity of the immune system and inhibit the adherence of cancer cells to stromal cells. These changes may lead to suppression of tumor occurrence and development. To date, to the best of our knowledge, the effects of THD on colon cancer SW480 cells have not been reported. In the present study, the effects of THD and a combination of THD and oxaliplatin (L-OHP) on the proliferation of SW480 cells have been investigated. Furthermore, the expression of VEGF-A and hypoxia-inducible factor 1 (HIF-1) was analyzed using MTT assay, quantitative polymerase chain reaction and western blot analysis. The results indicated that THD was able to inhibit SW480 cells in dose-and-time dependent manner and inhibit the expression of VEGF-A and HIF-1α. Furthermore, treatment with THD and L-OHP had synergistic inhibitory effect, which may provide a novel treatment strategy for advanced colorectal cancer.
Introduction
Colon cancer is one of the most common malignant tumors worldwide (1) . In Europe, America and other western countries, colon cancer has one of the highest cancer mortality rates. In 1982, the incidence of colon cancer in China was (2) . However, with a deterioration in lifestyle and eating habits, including high fat, high animal protein, high energy intake and lack of fiber (2), the incidence of colon cancer has increased year by year and has reached fifth place in rankings behind lung, liver, stomach and esophageal cancer (1) .
Recurrence and metastasis are the primary causes of mortality in patients with colon cancer. The most common ways for tumors to metastasize are via the blood and/or lymph nodes, additionally, angiogenesis is essential for tumor growth and metastasis (3) . Vascular endothelial growth factor (VEGF) is considered to be one of the most important angiogenic factors, which can promote the formation of new blood vessels and lymphatic vessels (4) . VEGF has a number of different physiological functions. For example, VEGF is able to selectively increase the mitosis of endothelial cells, and promote proliferation of endothelia, l cells and angiogenesis. VEGF is also able to strengthen blood vessels by increasing capillary permeability and therefore promotes the extravasation of plasma proteins and other macromolecules. Furthermore, it increases deposition to the extravascular matrix and supplies nutrition for the establishment of new capillary networks (5) .
Therefore, VEGF is one of the most important growth factors for angiogenesis, which has a key role in the formation of blood vessels (6) . When VEGF binds with the VEGF receptor (VEGF-R), the tyrosine protein kinase pathway is activated, and the corresponding signal transduction pathways including P44/P42-mitogen-activated protein kinase and phosphoinositide 3-kinase/protein kinase B are subsequently activated (7, 8) . The tyrosine protein kinase pathway is involved in the normal regulation of cell proliferation and differentiation amongst other important physiological processes.
A previous study has reported that VEGF was highly expressed in numerous malignant tumor tissues including colon and esophageal cancer, and VEGF expression was closely associated with tumor metastasis (9, 10) . Hypoxia-inducible factor 1 (HIF-1) is an oxygen dependent transcriptional activator, which was discovered by Ratcliffe et al (11) in 1992. HIF-1 is composed of HIF-1α and HIF-1β subunits. HIF-1α is the only oxygen regulated subunit, which is mainly expressed in cells under hypoxic conditions (12) . Hypoxia can increase the accumulation and activity of HIF-1α. Activated HIF-1α regulates the transcription and expression of downstream genes, and then stimulates tumor angiogenesis, inhibits the apoptosis of tumor cells and promotes metastasis (13, 14) . These changes enable tumor cells to adapt to hypoxic microenvironment. The tumor cells can proliferate and invade, and transcription can take place continuously (13, 14) . VEGF is one of the target genes of HIF-1α. HIF-1α promotes the transcription of target gene VEGF, and regulates angiogenesis in tumors under hypoxic conditions (15, 16) . Therefore, HIF-1α may reduce the possibility of recurrence and metastasis of tumor cells if the formation of new blood vessels in tumor tissue can be suppressed.
Thalidomide (THD), synthesized by German Chemie Gruneenthal in 1954, was used in Europe as a sedative treatment for morning sickness in pregnancy. However, the use of THD during pregnancy led to phocomelia and consequently the drug was withdrawn from the market (17) . Subsequent studies have reported that THD has anti-inflammatory, immunomodulatory and anti-angiogenic effects (18) (19) (20) (21) (22) . Due to its anti angiogenic effects, THD is able to affect fetal development in pregnant women, which leads to fetal deformity. However, at the same time this effect of THD is one of the mechanisms for its antitumor activity (18, 23) . THD inhibits angiogenesis, stimulates the activity of the immune system and inhibits the adherence of cancer cells to stromal cells, which suppresses the occurrence and development of tumors.
There may be several mechanisms of action for THD in the treatment of malignant tumors (24) . As THD is able to mediate anti-angiogenesis effects through inhibiting the expression of VEGF and basic fibroblast growth factor (bFGF), a previous study demonstrated that 150 µg/ml THD was able to reduce tumor blood supply and inhibit tumor growth (23) . THD is also able to can stimulate the proliferation of natural killer cells and induce lymphocytes to secrete interferon γ (IFN-γ) and interleukin 2 (IL-2), so as to kill tumor cells (25) . Studies have also demonstrated that THD may induce tumor cell apoptosis and arrest cell growth at the G1 phase (26) (27) (28) . Additionally, THD is able to inhibit the binding of NF-κB to DNA and therefore exhibits antitumor effects by blocking transcriptional activity (9) . THD is also able to downregulate the expression of adhesion molecules in vascular endothelial cells and therefore inhibit tumor proliferation (29) .
Oxaliplatin (L-OHP) is a platinum anticancer drug with a broad spectrum of antitumor effects and is used to treat metastatic colorectal cancer, particularly as an adjuvant treatment for patients with stage III colon cancer with complete resections of primary tumor (30) . However, if L-OHP has been used for an extended period time, incidences of resistance to the drug can increase (31) . Furthermore, increasing the dose of L-OHP results in increased adverse reactions.
Previous studies have indicated that THD, when used with other chemotherapeutics may result in synergistic antitumor effects (32, 33) . However, to the best of our knowledge, the anti angiogenic effects of THD on SW480 cells has not been reported. In the present study, SW480 cells were cultured and treated with various concentrations of THD (12.5, 25, 50, 100 and 200 µg/ml). Optical density values were evaluated by MTT assay, and inhibition ratio was calculated for all treatment groups. The mRNA expression of VEGF-A in the treated cells was detected by quantitative polymerase chain reaction (qPCR), and the levels of HIF-1α protein were detected by western blotting. The potential mechanisms of THD on SW480 cells were investigated. Furthermore, the effect of treatment with a combination of THD and L-OHP on SW480 cells was analyzed. The results of the present study may provide experimental basis for future clinical treatment of colon cancer. 50 ) values following L-OHP treatment were determined. SW480 cells were then treated with 25, 50, 100 µg/ml THD and 64 mg/l L-OHP and 50 µg/ml THD + 64 mg/l L-OHP for 48 h at 37˚C. The control group for mRNA/VEGF detection was SW480 cells that had not been previously treated with any drugs, and the control group and positive group for HIF-1α detection were SW480 and HeLa cells, respectively. Neither group had been previously treated with any drugs. mRNA, VEGF and the expression levels of HIF-1α were detected following culture for 48 h.
Materials and methods

Cell
Cell proliferation assay. Cells were treated as aforementioned. Experiments at each concentration were repeated 5 times. The MTT spectrophotometric dye assay (Beijing Dingguo Changsheng Biotechnology Co., Ltd., Beijing, China) was used to detect cell proliferation ability following THD treatment and determine IC 50 Reverse transcription. To obtain complementary DNA (cDNA), 1 µl Oligo dT (0.5 µg/µl) and 2.0 µg Total RNA were used according to the instructions for Promega M-MLV kit (Promega Corporation, Madison, WI, USA). Following incubation at 70˚C for 10 min, the mixture was immediately placed in ice bath for 2 min. M-MLV RT 5X reaction buffer, M-MLV Reverse Transcriptase RNase Minus, and 10 mM dNTP (Promega Corporation) were added to the mixture and then incubated at 42˚C for 1 h, followed by 70˚C for 10 min. cDNA was stored at -80˚C.
qPCR. The total RNA was extracted from the SW480 cells and reverse transcribed to template cDNA. RNA extraction from cells was performed according to the manufacturers protocol (Invitrogen; Thermo Fisher Scientific, Inc.). RNA was eluted in RNase-free water. RNA concentrations were determined using the NanoDrop 2000/2000C spectrophotometer (NanoDrop Technologies; Thermo Fisher Scientific, Inc.). To obtain cDNA (according to the Promega M-MLV protocol), 1 µl Oligo dT (0.5 µg/µl; Axygen Scientific Inc., Union City, CA, USA) and 2.0 µg total RNA were used. Following incubation at 70˚C for 10 min, the mixture was placed in an ice bath immediately for 2 min. M-MLV RT 5x reaction buffers, M-MLV Reverse Transcriptase RNase Minus and 10 mM dNTP (Promega Corporation) were added to the mixture and then incubated at 42˚C for 1 h, followed by 70˚C for 10 min. cDNA was stored at -80˚C. qPCR was performed on the Takara PCR thermal cycler using the SYBR Green detection system (Takara Bio, Inc., Otsu, Japan). Cycling conditions consisted of a 30 sec hot start at 95˚C, followed by 45 cycles of denaturation at 95˚C for 5 sec, annealing at 60˚C for 30 sec, extension at 95˚C for 15 sec, 55˚C for 30 sec, and then a final inactivation at 95˚C for 15 sec. Dissociation curve analyses were performed at the end of the cycle to confirm that one specific product was measured in each reaction. This was repeated 3 times. Relative quantification was performed using the 2 -ΔΔCq method (34). The specific primers for each gene are as follows: VEGF-A (product size, 89 bp) forward 5'-GCT TAC TCT CAC CTG CTT CTG-3', reverse 5'-GGC TGC TTC TTC CAA CAA TG-3' and GAPDH (product size, 121 bp) forward 5'-TGA CTT CAA CAG CGA CAC CCA-3' and reverse 5'-CAC CCT GTT GCT GTA GCC AAA-3'.
Protein extraction and western blot analysis. Hela cells and SW480 cells, which had not been previously treated with any drugs, were used as the positive and blank controls, respectively. The SW480 cells were treated as aforementioned. The cells were washed with PBS and lysed in radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology, Jiangsu, China). The cells were lysed with lysis buffer and centrifuged at 12,000 x g for 15 min at 4˚C. Protein (20 µg) was subjected to 10% SDS-PAGE separation. The proteins were transferred to PVDF membrane (EMD Millipore, Billerica, MA, USA), blocked at 4˚C overnight using TBST solution containing 5% skimmed milk. Blots were probed with HIF-1α antibody (mouse anti human; 1:500; catalog no. ab113642; Abcam, Cambridge, MA, USA). All primary antibodies were incubated 4˚C overnight, and washed four times with TBST, every time 8 min, and then incubated with the secondary monoclonal antibody anti mouse immunoglobulin G (1:2,000; catalog no. sc-2005; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Blots were visualized using enhanced chemiluminescence-PLUS kit (Thermo Fisher Scientific, Inc.).
Data analysis. Statistical analysis was performed using SPSS (version 13.0; SPSS, Inc., Chicago, IL, USA). All quantitative data are expressed as the mean ± standard deviation. One-way analysis of variance and Student-Newman-Keuls method were used for analysis. Student-Newman-Keuls analysis was used to analyze significant differences between groups, and P<0.05 was considered to indicate a statistically significant difference. (Table I) .
Results
Effect of THD treatment on
Determination IC 50 of L-OHP using the MTT method. According to Fig. 1 , the IC 50 value of L-OHP was 64 mg/l.
mRNA expression of VEGF-A in SW480 cells following treatment with various concentrations of THD, L-OHP and THD + L-OHP.
The qPCR results indicated that VEGF-A mRNA expression was markedly decreased when the concentration of THD was increased (Table II) . The 2 -ΔΔq values for 25, 50 and 100 µg/ml THD treatment groups were 0.809±0.013, 0.685±0.035 and 0.563±0.034, respectively. The 2 -ΔΔq value for the control group was 1.002±0.074. The differences between any two groups was significant (P<0.05).
VEGF-A mRNA expression was also decreased following the treatment of SW480 cells with 50 µg/ml THD, 64 mg/l L-OHP and 50 µg/ml THD + 64 mg/l L-OHP for 48 h (Table III) . The 2 -ΔΔq values for 50 µg/ml THD, 64 mg/l L-OHP and 50 µg/ml THD + 64 mg/l L-OHP treatment groups were 0.685±0.035, 0.281±0.018, 0.167±0.007, respectively. The differences between the groups were significant P<0.05. The treatment of SW480 cells with a combination of THD and L-OHP had a synergistically decreased VEGF-A mRNA expression.
Expression of HIF-1α protein.
HIF-1α expression was decreased following treatment of cells with THD. In addition, there was not a significant change in expression levels as the concentration of THD increased (Fig. 2) . Furthermore, HIF-1α expression was decreased following the treatment of SW480 cells with 50 µg/ml THD, 64 mg/l L-OHP and 50 µg/ml THD + 64 mg/l OHP for 48 h (Fig. 3) . Results indicated that the treatment of cells with a combination of THD and L-OHP had a synergistic effect.
Discussion
Colorectal cancer is one of the most common malignant tumors worldwide. Colorectal cancer has one of the highest rates of cancer mortality in Europe and other western countries (1). In 1971, Folkman (35) reported that angiogenesis has an important role in the process of tumor growth. Angiogenesis is necessary for tumor growth and metastasis (3) . Subsequently, the study of angiogenesis attracted extra attention from researchers. VEGF is particularly important in the process of angiogenesis.
THD, a drug initially synthesized by Chemie Gruneenthal, was used to treat morning sickness during pregnancy but was later withdrawn from the market due to serious side effects of phocomelia (17) . However, studies have also reported that THD has anti-inflammatory, immunomodulatory, and anti angiogenic effects (16) . The effects of THD on proliferation of colon cancer cells are rarely reported. The present study investigated the effects of THD treatment on the proliferation of SW480 cells, and the effects of THD on the expression of VEGF-A and HIF-1α. Treatment with 12.5, 25, 50, 100 and 200 µg/ml THD was able to markedly decrease the proliferation of SW480 cells compared with the control. Furthermore, the growth inhibition rate increased significantly with the increase in THD concentration and duration of treatment.
Previous studies have indicated that THD was able to induce arrest at G1 phase, block DNA synthesis and inhibit the proliferation of tumor cells [KG-la human acute myelogenous leukemia cell lines, human pancreatic cancer cells (Patu-8988) and U251-MG glioma cells] (26-28). Another in vitro study on ovarian cancer also reported that THD was able to inhibit the proliferation of ovarian cancer cells SKOV3 (36) , which suggested that THD may have a role in promoting anti-tumor effects by directly inhibiting proliferation. On the other hand, THD was also able to promote the apoptosis of transitional cell carcinoma cells (37) .
There are three main pro-apoptotic pathways, including the mitochondrial, death receptor pathway and endoplasmic reticulum enzyme particles pathway (leading to the activation of caspase-12 and apoptosis). The B-cell lymphoma 2 (Bcl-2) family has a key function in the regulation of the mitochondrial pathway (38, 39) . According to the differences in function in apoptosis, the Bcl-2 family is divided into two categories: Pro-apoptotic genes and anti-apoptotic genes. The pro-apoptotic genes include BCL2-associated X (Bax), Bcl-2-like protein 7 (Bak), Bcl2-associated agonist of cell death (Bad) and BH3-interacting domain death agonist (Bid), and the anti-apoptotic genes include Bcl-2 and Bcl-xL. Among these genes, the most important are Bax and Bcl-2.
Qiao et al (40) demonstrated that the expression of Bax mRNA was upregulated, the expression of Bcl-2 gene was downregulated following the treatment of SW1990 pancreatic cancer cells with THD.
Marriott et al (41) used the THD analogue, selective cytokine inhibitory drug (SelCID-3), to treat tumor cell lines [colorectal (SW620 and LoVo), pancreatic (BxPc-3 and T3M-4), melanoma (MJT-3 and SP-1) and prostatic (PC-3 and DU-145)]. The study demonstrated that SelCID3 was able to suppress the protein expression of Bcl-2, activate caspase 3 and induce the apoptosis of cancer cells. Furthermore, THD treatment was able to reduce the proliferation of tumor cells (41) .
VEGF is highly specific. VEGF has a number of isoforms, including VEGF-A, VEGF-B, VEGF-C, VEGF-D and Table I . Effect of THD treatment on human colon cancer SW480 cells. placental growth factor (PIGF). VEGF-A can bind with vascular endothelial growth factor receptor (VEGFR)-1 and VEGFR-2. VEGF has reported to be a key factor in promoting angiogenesis (42) . A number of studies have reported that VEGF has an important role in promoting proliferation, migration and chemotactic response in bone, lung, kidney, brain, vascular endothelial cells, tumor and other tissues (43) (44) (45) (46) (47) (48) . Under pathological conditions, hypoxia is the main factor that promotes the synthesis of VEGF (49) . A previous study has demonstrated that the capacity of VEGF synthesis in cells under hypoxic conditions would increase 3-12 times (50). Hypoxia in cells may cause the release of HIF-1 and promote the transcription of VEGF. When different concentrations of THD were incubated with human vascular endothelial cells in vitro, it was observed that the secretion of VEGF, cell adhesion ability of collagen and cell migration ability were all inhibited. Therefore, the formation of new capillaries was also reduced. This may be associated with the THD-induced downregulation of VEGF (51, 52) . At the same time, THD was able to block the NF-κB signaling pathway, its downstream adhesion molecules and the expression of inflammatory mediators including TNF-α (53). It was verified in a previous study that NF-κB activates IL-6, and IL-6 is able to increase the expression of VEGF (54) . Therefore, if the activation of NF-κB was inhibited, this may inhibit IL-6 activation, thereby decreasing VEGF expression. The results of q-PCR indicated that the VEGF-A mRNA expression was markedly decreased following THD treatment, and the decrease was concentration dependent. Therefore, THD may be able to reduce angiogenesis in tumor cells. VEGF is one of the target genes of HIF-1α (55) . Under hypoxic conditions, signal transducer and activator of transcription 3 (STAT3) is activated. Activated STAT3 induces the transcription and expression of HIF-1α, which transcribes and expresses the target gene VEGF. VEGF participates in tumor angiogenesis, and HIF-1α can promote the expression of erythropoietin and inhibit the apoptosis of cancer cells in a hypoxic environment, ultimately result in the constant growth of tumor cells (56) . Nechemia-Arbely et al (57) also identified in an in vitro study that activated STAT3 was able to induce the upregulation of HIF-1α in mouse renal cells.
Duration of treatment, h ---------------------------------------------------------------------------------
The inflammatory microenvironment is an important factor in promoting tumor progression. The IL-6-mediated downstream signal STAT3 has an important role in tumor development and metastasis. The IL-6 receptor binds with soluble IL-6 (sIL-6R), and the IL-6/sIL-6R compound then activates membrane glycoprotein 130, and causes the activation of STAT3. This leads to the induction of tumor cells to proliferate, migrate and undergo angiogenesis (58) . Therefore, blocking the IL-6 signal transduction pathway may inhibit the activation of STAT3, leading to downregulation of HIF-1α and reduced transcription. This consequently reduces tumor angiogenesis. In the present study, it was observed that HIF-1α expression was markedly decreased following the treatment of SW480 cells with THD for 48 h; however, as the concentration of THD increased, there was not a significant change in HIF-1α expression levels. At present, the antitumor mechanisms of THD that have been reported included changes in the levels of cytokines e.g., concentration of tumor necrosis factor (TNF)-α, IL-6 and IFN-γ. In addition, it was indicated that these changes were able to regulate the immune status of the body (59) . An in vitro study indicated that treatment with 100 µM THD was able to inhibit the expression of IL-6, IL-8, TNF-α and VEGF (60) . Therefore, this led to the inhibition of STAT3 activation and decreased HIF-1α expression (60) . THD has been demonstrated to inhibit the expression of HIF-1α through the STAT3 signaling pathway mediated by IL-6. Furthermore, a number of studies have indicated that THD was also able to directly inhibit HIF-1α expression (52, 61) .
Surgery is the main treatment for colorectal cancer, and its effectiveness combined with post-surgical radiotherapy and/or chemotherapy has been widely recognized (62) . Systemic chemotherapy is the primary treatment following surgery, its purpose is to eliminate micro metastases in vivo, to prolong the life of patients and improve the quality of life of the patients. At present, the National Comprehensive Cancer Network recommends FOLFOX, a combination of drugs which include 5-Fu, leucovorin and L-OHP for the treatment of colon cancer (30, 63) . L-OHP is the third generation platinum compound, and it is a new platinum group, which contains 1,2-diamine cyclohexane (DACH). L-OHP overcomes the toxicity of I and II generation platinum drugs. Cisplatin is a second-generation platinum drug, and cisplatin-resistant tumor cell lines exhibit varying degrees of resistance to L-OHP (64) . L-OHP is a type of anticancer drug with good prospects and has attracted the attention of researchers. The mechanism for L-OHP is to induce platinum DNA adducts (Pt-GG and Pt-AG) which are intra chain complexes that block DNA transcription and replication (63) . However, if L-OHP was used alone, it may cause neurotoxicity, hematological toxicity, gastrointestinal toxicity and drug-resistance, which may lead to the failure of the chemotherapy.
Studies have reported that the use of a combination of anti-angiogenic drugs is able to improve the efficacy of chemotherapy. Cremolini et al (65) discovered that progression-free survival and the median survival time of patients with metastatic colorectal cancer treated with bevacizumab plus FOLFOXIRI were improved compared with patients treated with FOLFOXIRI alone. However due to the high price of bevacizumab, this hindered the use of the drug in some patients.
Studies have reported that the use of THD in combination with other antineoplastic drugs may have a synergistic antitumor effect.
Murphy et al (66) reported that THD may increase cisplatin content in intracranial tumor and significantly increase the efficacy of cisplatin in the rat intracranial glioma model using a combination of cisplatin with THD. A phase II randomized controlled trial indicated that patients with metastatic colorectal cancer, who received L-OHP/capecitabine (XELOX) therapy plus THD as first-line treatment had good tolerance, and the disease control rate was significantly improved compared with the control group receiving XELOX alone) (32) .
In the present study, as THD was able to inhibit the proliferation of SW480 cells, downregulate VEGF-A expression and inhibit the expression of HIF-1α according to the preceding study, it was assumed that a combination of THD and L-OHP have a synergistic effect on SW480 cells. The IC 50 of L-OHP in the SW480 cells was 64 mg/l. Additionally, 50 µg/ml THD and 64 mg/l L-OHP were selected to treat the SW480 cells. The cells were either treated with THD and L-OHP separately or together for 48 h. The expression of VEGF-A mRNA and HIF-1α protein were subsequently detected. The experiment identified that VEGF-A mRNA expression and the HIF-1α protein expression were decreased following the treatment of SW480 cells with 50 µg/ml THD, 64 mg/l L-OHP and 50 µg/ml THD + 64 mg/l L-OHP for 48 h. The combined treatment of two drugs had a synergistic effect. Research has demonstrated that IL-6 may activate STAT3 in colorectal cancer (67, 68) , and it has been reported that L-OHP may downregulate the expression of HIF-1α through inhibiting the STAT3 signaling pathway mediated by IL-6 (69) . THD has been demonstrated to inhibit the expression of HIF-1α through the STAT3 signaling pathway mediated by IL-6 aforementioned (52, 60, 61) . Two drugs have interacted together in this pathway, and had a synergistic effect. HIF-1α is an upstream regulatory gene of VEGF and therefore downregulation of HIF-1α resulted in downregulation of VEGF-A-mRNA.
Therefore, it was not unexpected to detect the inhibitory effects of THD on proliferation of cancer cells in the present study. Additionally, THD is also able to have an inhibitory effect on the expression of VEGF-A and its upstream gene HIF-1α. Treatment with a combination of THD and L-OHP has a synergistic inhibitory effect on the growth of the SW480 cells and this provides a new strategy for the treatment of advanced colorectal cancer.
